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The lesions generally involved a rapidly developing cellulitis that frequently evolved into vesicles or bullae, and sometimes became necrotic. Unlike primary septicemia however, infections were restricted to the primary wound site, with no spread to other areas of the body [8] . Other symptoms reported [7] were fever and chills, and occasionally hypotension and vomiting. Klontz et al. [9] have summarized these (see Table) . Of the 15 wound infections studied by Blake et al.
[7], five had known underlying disease, including diabetes, alcoholism, chronic congestive heart failure, and chronic lymphocytic leukaemia. All of the patients were treated with antibiotics, and most underwent tissue debridement. One patient (with leukaemia), who had acquired V. vulnificus while cleaning crabs, developed bacteraemia, high fever, shock, and died 36 h after the first symptoms began. Regarding the histology of V. vulnificus wound infections, a typical scenario was described by Beckman et al. [11] . In this case, a 60-year-old man with advanced Laennec's cirrhosis went wading off the southern US Gulf Coast after receiving multiple fire ant stings to his leg. He was treated with antibiotics when the leg became infected about 48 h later, but the leg became oedematous with haemorrhagic bullae. Despite further administration of antibiotics, fasciotomy, and ultimately, amputation of the leg, he died 45 h after admission. Autopsy revealed the superficial dermis to be oedematous, and the entire dermis appeared devitalized and contained numerous bacteria. The subcutaneous tissue contained a dense cellulitis, extending into skeletal muscle with much tissue damage. Endothelial cells were hyperplastic and swollen.
In vitro and in vivo studies indicate V. vulnificus is sensitive to virtually all commonly employed antibiotics, including tetracycline and third-generation cephalosporins [12, 13] and many have been employed in the treatment of both primary septicaemia and wound infections caused by this bacterium [2] . Antibiotic treatment significantly improves case-fatality rates, with the greater the delay between onset of illness and initiation of antibiotic treatment having a dramatic effect on survival rates. In a mouse model, it was found that tetracycline prevented most deaths if administered up to 2 h after subcutaneous injection of 108 V. vulnificus cells [14] . However, none of the animals survived when the antibiotic was administered 3 h after injection. In reviewing cases of V. vulnificus wound infection in Florida, Klontz et al. [9] observed that only two out of six patients receiving treatment less than 24 h after onset of illness died, compared with all of those with more than a 72-h delay.
An outbreak of V. vulnificus wound infection
The Erysipelothrix rhusiopathiae E. rhusiopathiae is a Gram-positive rod that has worldwide distribution and is generally associated with a variety of birds, fish and shellfish, with swine considered the primary animal reservoir [50, 64] . Disease caused by this pathogen has been reported from virtually all countries of the world, including Europe [65] . The most common form, known as erysipeloid, results in localized cutaneous eruptions on the fingers or hands, and is often referred to as 'shrimp picker's disease', 'crab poisoning', or 'fish poisoning' [66] . This typically occurs in workers (e.g. farmers, butchers, fishermen, and especially seafood packers) coming into regular contact with infected animals [50, 64] . The incubation period is 4-7 days, and the disease usually resolves in 3-4 weeks, even without treatment [50] . A rare but highly fatal disseminated form of the disease involving endocarditis is also recognized, but this generally does not involve a preceding wound infection [64] . As with V. vulnificus, disseminated cases typically involve a history of alcohol abuse. Because of the possibility of dissemination, antibiotic treatment is recommended, with penicillins being the drugs of choice.
Summary and recommendations
Wound infections caused by marine bacteria, especially of the genus Vibrio, appear to be increasing in frequency and recognition. Many require some underlying syndrome, most commonly involving liver disease, but others appear able to infect fully immunocompetent and healthy individuals. Some, such as V. vulnificus, are potentially fatal, and require rapid and aggressive treatment. The pathogens described in this review should always be considered when wound infections are seen in persons with a history of seawater or seafood exposure.
